Abstract. Traditional explanations for the variability, and limits to sustainability, of fish stocks focus on the early planktonic life history. Recently, these models have been challenged. Here, the arguments for the locus of regulation in fish stocks are reviewed. New material is presented, of North Sea plaice, indicating that only the fittest larvae survive, and that there is an increased predation on weaker larvae. It is concluded that the main source of regulation is in the planktonic phase, and that this is where research needs to be.
The sizes of marine fish populations vary greatly over all time scales. Figure 1 shows the annual variability in the numbers of young North Sea cod, termed the recruitment. The 1996 year-class was good, but was followed by the smallest for over 30 years. From the mid-1960s, recruitments were typically high, the 'gadoidoutburst', when cod catches trebled and increased capacity entered the fleets. Figure 2 shows the relationship between recruitment of North Sea herring and the size of the parent population. Almost all density-independent and densitydependent regulation occurs before recruitment to the fishery. It follows that the limits to sustainability are determined prior to recruitment, but when?
Hjort (Hjort, 1914) , Ricker and Foerster (Ricker and Foerster, 1948 ) and Cushing (Cushing, 1972 (Cushing, , 1996 , with the match-mismatch hypothesis, all proposed determination in the planktonic phase. Contrary arguments have been made (Horwood, 2000) which can be summarized as follows. Fish larvae are rare in the sea; plaice larvae, for example, average less than 0.1 m -3 . Can they really compete with each other? Planktonic research in the sea has so far failed to detect density-dependence. However, mortality of flatfish on the nursery grounds shows a significant density-dependent component (Beverton and Iles, 1992) . Such considerations led Beverton to propose the concentration hypothesis for the primacy of regulation (Beverton, 1995) .
Compelling as these arguments may be, recent empirical and theoretical studies have reinforced the traditional view that the planktonic phase is of prime importance. We highlight observational and theoretical studies supporting this view and present new larval data.
Correlation of recruitment with early abundance of eggs and larvae increases rapidly over the first 60 days of pelagic planktonic life (Bradford, 1992) . For cod, successful recruitment is linked with early growth (Campana, 1996) . Models of larval growth and survival, based on experimental studies, show that even with the low observed densities, strong density-dependence can be expected (Cushing and Horwood, 1994) , even to the extent of generating chaotic dynamics (Horwood, 1995) . Further, if the observed 0-group density-dependent mortality is introduced into a full population model, it cannot give the strong regulation observed in fish stocks; numbers have already been reduced too much (Cushing and Horwood, 2000) . Figure 3 shows the North Sea plaice stock-recruit relationship that would be generated from 0-group density-dependent mortalities alone, after Cushing and Horwood (ibid) . Failure to express both a strong regulation near the origin and a near constant, or even over-compensation, at higher stock sizes, indicate that significant elements of density-dependence have been missed.
Nevertheless, direct evidence of density-dependent larval mortality is weak. Table I shows the total lengths of plaice larvae by stage from three surveys in the southern North Sea in 1971. The larvae were preserved in 4% formalin and so would have undergone shrinkage. The larval data were collected as part of a study into larval feeding (Last, 1978) . They are compared with lengths of larvae fed (Ryland, 1966) ad lib. and measured unpreserved.
The comparison of larval lengths shows a reduction in the relative difference between the preserved, wild larvae and the experimental larvae, strongly decreasing with stage. The evidence suggests that larvae suffer food shortage in the wild, and that only the most successful survive to the later stages. Indeed, the average length of stage 4b is longer than the control, indicating that the surviving larvae have to be more successful than the average well-fed larvae. Further, regulation can be seen to occur within stages 2 and 3. There are complications with net damage and shrinkage in preservative [e.g. (Jennings, 1991; Theilacker and Porter, 1995) ]. Ideally, such length measurements should be done on fresh material. Even so, the result that the surviving late-stage plaice larvae were actually longer than the control larvae suggests that the conclusions are robust.
The results support Hovenkamp's (Hovenkamp, 1992) findings that surviving plaice larvae were faster growers, based upon an examination of otolith rings of early and late larvae. The results here suggest that in any one year, as larval food varies, so will growth and survival. This will give the large density-independent variability seen in e.g. Figure 1 . Similarly, the results suggest that at the average level of prey abundance, growth and survival will increase as stock size and initial larval abundances decrease. This would result in the average density-dependent relationship seen in e.g. Figure 2 , until the limit of growth rate is reached. At this point, the survival rate is constant, giving the linear relationship near to the origin of Figure 2 . We conclude that the planktonic phase is of prime importance in Fig. 3 . The modelled stock (million tonnes) and recruitment (billions) relationship for North Sea plaice derived from 0-group density-dependent mortality alone [after (Cushing and Horwood, 2000) ]. determining variability and regulation of fisheries; recruitment research should return to the study of plankton in the sea.
